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(57) Abstract 



A received communications signal is correlated with a common synchronization code to produce a synchronization detection signal. 
A component of the synchronization detection signal associated with a known synchronization signal is canceled from the synchronization 
detection signal to produce an interference-<anceled synchronization detection signal. Timing of a synchronization signal is determined from 
the interference-canceled synchronization detection signal. According to one aspect, interference cancellation is achieved by generating a 
correlation of an estimated received known synchronization signal with the common synchronization code, canceling the correlation of the 
estimated received known synchronization signal with the common synchronization code from the synchronization detection signal to produce 
the interference-canceled synchronization detection signal. Timing of a synchronization signal may then be determined by accumulating the 
interference-canceled synchronization detection signal over a time interval, detecting a peak in the accumulated interference-canceled 
synchronization detection signal, and determining timing of a synchronization signal from the detected peak. According to another 
aspect, interference cancellation is achieved by accumulating the synchronization detection signal over a time interval, identifying a peak 
in the accumulated synchronization detection signal not associated with a known synchronization signal, and determining timing of a 
synchronization signal from the identified peak. Related terminal apparatus are also discussed. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Sk>venia 


AM 


Annenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Sk>vakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IB 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RO 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 




Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 00/55992 



PCT/USOO/05669 



SYNCHRONIZATION AND CELL SEARCH METHOD AND APPARATUS FOR WIRELESS COMMUNICATIONS 



Field of the Invention . 

The present invention relates to wireless communications systems and 
methods, and more particularly, to apparatus and methods for synchronization and 
cell search in wireless communications systems. 



5 Background of the Invention 

Wireless communications systems are commonly employed tq provide voice 
and data communications to subscribers. For example, analog cellular radiotelephone 
systems, such as those designated AMPS, ETACS, NMT-450, and NMT-900, have 
long been deployed successfully throughout the world. Digital cellular 

10 radiotelephone systems such as those conforming to the North American standard IS- 
54 and the European standard GSM have been in service since the early 1990's. More 
recently, a wide variety of wireless digital services broadly labeled as PCS (Personal 
Communications Services) have been introduced. Including advanced digital cellular 
systems conforming to standards such as IS-136 and IS-95, lower-power systems such 

15 as DECT (Digital Enhanced Cordless Telephone) and data communications services 
such as CDPD (Cellular Digital Packet Data). These and other systems are described 
in The Mobile Communications Handbook, edited by Gibson and published by CRC 
Press (1996). 

Figure 1 illustrates a typical terrestrial cellular radiotelephone communication 
20 system 20. The cellular radiotelephone system 20 may include one or more 

radiotelephones (terminals) 22, communicating with a plurality of cells 24 served by 
base stations 26 and a mobile telephone switching office (MTSO) 28. Although only 
three cells 24 are shown in Figure 1, a typical cellular network may include hundreds 
of cells, may mclude more than one MTSO, and may serve thousands of 
25 radiotelephones. 

The cells 24 generally serve as nodes in the communication system 20, from 
which links are established be^veen radiotelephones 22 and the MTSO 28, by way of 
the base stations 26 serving the cells 24. Each cell 24 will have allocated to ix one or 
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more dedicated control channels and one or more traffic channels. A control channel 
is a dedicated channel used for transmitting cell identification and paging information. 
The traffic channels carry the voice and data information. Through the cellular 
network 20, a duplex radio communication link may be effected between two mobile 
5 terminals 22 or between a mobile terminal 22 and a landline telephone user 32 
through a public switched telephone network (PSTN) 34. The function of a base 
station 26 is to handle radio communication between a cell 24 and mobile terminals 
22. In this capacity, a base station 26 functions as a relay station for data and voice 
signals. 

1 0 Those skilled in the art will appreciate that "cells" may have configurations 

other than the omnidirectional cells 24 illustrated in FIG. 1 . For example, the 
coverage areas conceptually illustrated as a hexagonally-shaped area served by a base 
station 26 may actually be subdivided into three sectors using separate directional 
antennas mounted at the base station 26, with the sector antenna having patterns 

1 5 extending in three different directions. Each of these sectors may in itself be 
considered a "cell." As will be appreciated by those skilled in the art, other cell 
configurations are also possible, including, for example, overlaid cells, microcells, 
picocells and the like. 

As illustrated in Figure 2, a satellite 42 may be employed to perform similar 

20 functions to those performed by a conventional terrestrial base station, for example, to 
serve areas in which population is sparsely distributed or which have rugged 
topography that tends to make conventional landline telephone or terrestrial cellular 
telephone infrastructure technically or economically impractical. A satellite 
radiotelephone system 40 typically includes one or more satellites 42 that serve as 

25 relays or transponders between one or more earth stations 44 and terminals 23. The 
satellite conveys radiotelephone communications over duplex links 46 to terminals 23 
and an earth station 44. The earth station 44 may in turn be connected to a public 
switched telephone network 34, allowing communications between satellite 
radiotelephones, and communications between satellite radio telephones and 

30 conventional terrestrial cellular radiotelephones or landline telephones. The satellite 
radiotelephone system 40 may utilize a single antenna beam covering the entire area 
served by the system, or, as shown, the satellite may be designed such that it produces 
multiple minimally-overiapping beams 48, each serving distinct geographical 
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coverage areas 50 in the system's service region. The coverage areas 50 serve a 
similar function to the cells 24 of the terrestrial cellular system 20 of FIG. 1. 

Traditional analog cellular systems generally employ a system referred to as 
frequency division multiple access (FDMA) to create communications channels. As a 
5 practical matter well known to those skilled in the art, radiotelephone communications 
signals, being modulated waveforms, typically are communicated over predetermined 
frequency bands in a spectrum of carrier frequencies. In a typical FDMA system, 
each of these discrete frequency bands serves as a channel over which cellular 
radiotelephones communicate with a cell, through the base station or satellite serving 
10 the cell. 

The limitations on the available frequency spectrum present several challenges 
as the number of subscribers increases. Increasing the number of subscribers in a 
cellular radiotelephone system requires more efficient utilization of the limited 
available frequency spectrum in order to provide more total channels while 

15 maintaining commxmications quality. This challenge is heightened because 
subscribers may not be uniformly distributed among cells in the system. More 
channels may be needed for particular cells to handle potentially higher local 
subscriber densities at any given time. For example, a cell in an urban area might 
conceivably contain hundreds or thousands of subscribers at any one time, easily 

20 exhausting the number of channels available in the cell. 

For these reasons, conventional cellular systems employ frequency reuse to 
increase potential channel capacity in each cell and increase spectral efficiency. 
Frequency reuse involves allocating frequency bands to each cell, with cells 
employing the same frequencies geographically separated to allow radiotelephones in 

25 different cells to simultaneously use the same frequency without interfering with each 
other. By so doing, many thousands of subscribers may be served by a system having 
only several hundred allocated frequency bands. 

Another technique which can farther increase charmel capacity and spectral 
efficiency is the use of time division multiple access (TDMA). A TDMA system may 

30 be implemented by subdividing the frequency bands employed in conventional 

FDMA systems into sequential time slots. Communications over a frequency band 
typically occur on a repetitive TDMA frame stmcture that includes a plurality of time 
slots. Examples of systems employing TDMA are those conforming to the dual 
analog/digital IS-54B standard employed in the United States, in which each of the 
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frequency bands of the traditional analog cellular spectrum are subdivided into 3 time 
slots, and systems conforming to the GSM standard, which divides each of a plurality 
of frequency bands into 8 time slots. In these TDMA systems, each user 
communicates with the base station using bursts of digital data transmitted during the 
5 user's assigned time slots. 

Yet another technique for potentially increasing system capacity is to employ 
"spread spectrum" code division multiple access (CDMA) techniques. In a system 
employing spread spectrum techniques, a channel may be defined by modulating a 
data-modulated carrier signal by a unique spreading code, i.e., a code that spreads aii 

1 0 original data-modulated carrier over a wide portion of the frequency spectrum in 
which the commimications system operates. Data may be recovered from the 
transmitted signal by demodulating the signal using the same spreading code. 
Because the transmitted signal is spread across a v^dde bandwidth, spread spectrum 
communications can be less vulnerable to coherent noise sources which might "jam" 

1 5 other communications signals. The use of unique spreading codes for channels allows 
several users to effectively share the same bandwidth without undue interference. 

Conventional spread-spectrum communications systems commonly use so- 
called "direct sequence" spread spectrum modulation. In direct sequence modulation, 
a data-modulated carrier is directly modulated by a spreading code or sequence before 

20 being transmitted in a communications medium, e.g., an air interface. The spreading 
code typically includes a sequence of "chips" occurring at a chip rate that typically is 
much higher than the bit rate of the data being transmitted. 

A direct sequence spread spectnmi receiver typically includes a local sequence 
generator that locally produces a replica of a spreading sequence. This locally 

25 generated sequence is used to recover information from a transmitted spread spectrum 
signal that is modulated according to the same spreading sequence. Before 
information in a transmitted signal can be recovered, however, the locally generated 
spreading sequence typically must be synchronized with the spreading sequence that 
modulates the transmitted signal. 

30 Synchronization of terminals is commonly achieved by transmitting a 

synchronization signal in each cell that a terminal can acquire to obtain a timing 
reference for synchronizing its de-spreading operations. For example, in an IS-95 
compliant system, a "pilot channel" including a fixed carrier modulated by a known 
sequence is transmitted in each cell of the system, with a respective timing offset 
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applied in a respective cell. In other systems, such as in systems using wideband 
CDMA techniques, a common synchronization code (or a code from a common set of 
synchronization codes) is embedded within time slots defined in data frames of a 
downlink channel at known locations. This sequence, sometimes referred to as a 
5 "first synchronization code" (FSC) or a "primary synchronization code" (PSC), is . 
detected by a terminal and used to aid the terminal in determining slot timing. 

As a terminal operates in a wireless cellular system, it typically seeks to 
identify new cells, usually neighboring cells, with which it can communicate should 
the signal quality of the link between the terminal and the cell with which it currently 

10 is communicating become degraded. For example, a terminal actively engaged in a 
call via a base station serving one cell typically needs to identify other base stations to 
which the call can be handed over as the terminal moves through the system. 
Terminals emerging from a sleep mode may also engage in ceil search operations, as 
the synchronization signals of a set of "candidate ceils" identified by the terminal 

1 5 before going to sleep may have degraded or even disappeared while the terminal was 
asleep. 

The above-described synchronization signals are commonly used in such cell 
search operations. For example, in proposed WCDMA systems, a base station 
transmits over a downlink chaimel according to a cell-specific "long" (e.g., 40,960 

20 chip) scrambling code that serves to identify the cell. The scrambling codes are 
typically divided into groups to make cell search more efficient. To identify the 
group to which a cell belongs, a base station typically transmits a secondary 
synchronization code (SSC) associated with a group to which the cell belongs, in 
parallel with the primary synchronization code. The SSC also typically has a period 

25 of one frame, and thus provides a reference for determining frame boundaries. In 

newly proposed WCDMA systems, the functions of the SSC are incorporated into the 
PSC by transmitting the PSC in one of a set of predetermined patterns within a frame 
of a synchronization signal, with the pattern representing the scrambling code group 
to which the cell belongs. 

30 To perform a cell search in a system in which the PSC is fransmitted at a fixed 

position at the begiiming of a slot of a data frame, a terminal first identifies a 
candidate slot boundaries by correlating a received signal with the common primary 
synchronization code (FSC or PSC) over a predetermined time interval, e.g., 30 msec. 
The correlations generated are examined for peaks that indicate the presence of the 
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PSC. Once candidate slot boimdaries have been identified, a second stage is initiated 
in which the terminal correlates the received signal with each of the SSCs using the 
candidate slot boundaries. If a sufficient correlation is found between the received 
signal and one of the SSGs, indicating a likelihood that the cell associated with the 
5 SSC uses a long code that is a member of the group associated with the SSC, the 
terminal can then correlate the received signal with a relatively small set of long 
codes. In this manner, a cell associated with a synchronization signal can be 
identified in an efficient manner, without correlating a received signal wdth all 
possible long codes. Such a cell search procedure is described in detail in Version 1.0 

10 of the "''Specifications of Air -Interface for 3G Mobile System," published by 

Association of Radio Industries and Businesses (ARIB), January 14, 1999, and in 
"Performance and Complexity of Techniques for Achieving Fast Sector Identification 
in an Asynchronous CDMA System," by Ostberg et al., published in Proceedings of 
the 1998 Wireless Multimedia Conference, Japan, November 1998. 

1 5 The above-described cell search procedure can be adversely affected by 

characteristics of the radio propagation environment. For example, as the same 
common synchronization sequence is typically transmitted by base stations serving all 
of the cells of the system, the synchronization signals transmitted by the stations may 
interfere with one another, which can make it difficult to identify slot boundaries for a 

20 particular synchronization signal associated with a particular cell. This problem may 
be exacerbated in dispersive channels, where multipath components may cause 
additional interference. 



Summary of the Invention 

25 In light of the foregoing, it is an object of the present invention to provide 

improved methods and apparatus for determining timing of a synchronization signal. 

It is another object of the present invention to provide improved cell search 
methods and apparatus. 

It is another object of the present invention to provide improved cell search 
30 methods and apparatus suitable for use in wideband CDMA (WCDMA) systems. 

These and other objects, features and advantages are provided according to the 
present invention by systems and methods in which a received communications signal 
representing a combination of synchronization signals transmitted for cells in a 
vareless communications system is conelated with a common synchronization code, 

-6- 



wo 00/55992 



PCT/USOO/05669 



such as the first synchronization code (FSC) or primary synchronization code (PSC) 
used in a WCDMA system. A component associated with a known synchronization 
signal, such as a synchronization signal transmitted by a base station serving a cell 
maintained in a "neighbor" list at the receiving terminal, is canceled from the 
5 correlation to produce an interference canceled correlation that may be used for 
determining timing, e.g., slot boundaries, of a synchronization signal. The timing 
information may be further used to determining the identity of a cell for which the 
synchronization signal is transmitted, for example, by providing a timing basis for 
determining a scrambling group code or secondary synchronization code (SSC), 

10 which in turn is used to guide detection of a cell-specific scrambling (long) code. The 
interference cancellation and timing determination techniques of the present invention 
may also be advantageous, for example, for determining timing of synchronization 
signals such as the pilot channel signals broadcast in IS-95 systems. 

The methods and apparatus of the present invention offer improved timing 

1 5 determination and cell search techniques that are potentially more efficient than 

conventional search techniques. Canceling signal components associated with known 
synchronization signals can aid in detecting slot boundaries of a desired 
synchronization signal, and can thus speed a cell search process. According to 
additional aspects of the present invention, the cells identified in a cell search process 

20 can in turn provide increase knowledge about potentially interfering synchronization 
signals that may be used to enhance an interference cancellation process. 

In particular, according to an aspect of the present invention, a received 
communications signal representing a combination of synchronization signals 
transmitted in cells of a wireless communications system is processed. The received 

25 communications signal is correlated with a common synchronization code to produce 
a synchronization detection signal. A component of the synchronization detection 
signal associated with a knovm synchronization signal is canceled from the 
synchronization detection signal to produce an interference-canceled synchronization 
detection signal. Timing of a synchronization signal is determined from the 

30 interference-canceled synchronization detection signal. 

According to one aspect of the present invention, interference cancellation is 
achieved by generating a correlation of an estimated received known synchronization 
signal with the common synchronization code, canceling the correlation of the 
estimated received known synchronization signal with the common synchronization 
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code from the synchronization detection signal to produce the interference-canceled 
synchronization detection signal. Timing of a synchronization signal may then be 
determined by accumulating the interference-canceled synchronization detection 
signal over a time interval, detecting a peak in the accumulated interference-canceled 
5 synchronization detection signal, and determining timing of a synchronization signal 
from the detected peak. The correlation of an estimated received known 
synchronization signal with the common synchronization code be generated by 
processing filtering a representation of the known synchronization signal with an 
estimate of a channel over which the known synchronization signal is transmitted to 

1 0 produce an estimated received known synchronization signal, and correlating the 
estimated received known synchronization signal with the synchronization code. 

According to another aspect of the present invention, interference cancellation 
is achieved by accumulating the synchronization detection signal over a time interval, 
and identifying a peak in the accumulated synchronization detection signal not 

1 5 associated with a known synchronization signal. Timing of a synchronization signal 
is determined from the identified peak. Identification of the peak may be conditioned 
upon the peak meeting a predetermined criterion. 

The known synchronization signal may include a synchronization signal 
associated with a previously identified cell, such as a synchronization signal 

20 associated with a cell with which the terminal is currently communicating over a 
traffic channel. For example, interference cancellation may be preceded by 
identification of a set of synchronization signals associated with a set of candidate 
cells. Interference cancellation may then include canceling a component of the 
synchronization detection signal corresponding to a synchronization signal associated 

25 with a cell of the set of candidate cells from the synchronization detection signal to 
produce an interference-canceled synchronization detection signal. 

In related aspects, the set of known synchronization signals may be identified 
by receiving a communications signal from the communications medium, identifying 
a synchronization signal in the received communications signal, and identifying a cell 

30 with which the identified synchronization signal is associated. The identified cell 
may be added to the set of candidate cells if the identified synchronization signal 
associated with the idenfified cell meets a predetermined criterion. 

A respective synchronization signal may include a portion encoded according 
to the common synchronization code, such as the first search code (FSC) or primary 

- 8 - 
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search code (PSC) transmitted in a wideband CDMA (WCDMA) system. A common 
synchronization signal may also be transmitted in each of the cells over a pilot 
channel, such as conventionally done in IS-95 systems. 

According to yet another aspect of the present invention, the correlating,. 
5 canceling and determining are performed in response to the terminal awaking j&om a 
sleep mode. For example, a terminal may awaken from a sleep mode, receive a 
communications signal and evaluating a set of candidate cells based on the received 
communications signal. The received signal may then be correlated with the common 
synchronization code to produce a synchronization detection signal if the evaluated 

1 0 candidate cells fail to meet a predetermined criterion. The synchronization detection 
signal is accumulated over a time interval, and a peak in the accimaulated 
synchronization detection signal not associated with a known synchronization signal 
associated with one of the candidate cells is identified. Timing for a synchronization 
signal may then be determined from the identified peak, and the determined timing 

1 5 may be used in identifying a new candidate cell associated with a synchronization 
signal associated with the identified peak. 

Terminal apparatus operative to perform the above-described fiinctions are 
also described. In one embodiment, a terminal includes an apparatus including a first 
correlator, e.g., a sliding correlator, operative to conrelate a received communications 

20 signal with a common synchronization code to produce a synchronization detection 
signal. An interference canceler is responsive to the first correlator and operative to 
cancel a component of the synchronization detection signal associated with a known 
synchronization signal from the synchronization detection signal to produce an 
interference-canceled synchronization detection signal. A timing determiner operative 

25 to determine timing of a synchronization signal from the interference-canceled 
synchronization detection signal. 

In another embodiment according to the present invention, the interference 
canceler includes a received known synchronization signal estimator that is operative 
to generate an estimated received known synchronization signal. A second correlator 

30 is responsive to the received known synchronization signal estimator and operative to 
generate a correlation of an estimated received known synchronization signal with the 
common synchronization code. A canceler is responsive to the first correlator and to 
the second correlator and operative to cancel the correlation of the estimated received 
known synchronization signal with the common synchronization code from the 
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synchronization detection signal to produce the interference-canceled synchronization 
detection signal. The timing determiner includes an accumulator responsive to the 
canceler and operative to accumulate the interference-canceled synchronization 
detection signal over a time interval. A peak detector is responsive to the accumulator 
5 and operative to detect a peak in the accumulated interference- canceled 
synchronization detection signal. 

In yet another embodiment according to the present invention, the interference 
canceler includes an accumulator responsive to the first correlator and operative to 
accumulate the synchronization detection signal over a time interval. A peak detector 

10 is responsive to the accumulator and operative to detect a peak in the accumulated 
synchronization detection signal not associated with a known synchronization signal. 
The timing determiner is responsive to the peak detector and operative to determine 
timing of a synchronization signal from the detected peak. 

Improved methods and apparatus for determining timing of synchronization 

15 signals and for identifying cells associated with synchronization signals may thereby 
be provided. 

Brief Description of the Drawings 
FIG. 1 is a schematic diagram illustrating a conventional terrestrial cellular 
20 wireless communications system. 

FIG. 2 is a schematic diagram illustrating a conventional satellite-based 
cellular wireless communications system. 

FIG. 3 is a schematic diagram illustrating a wireless terminal in .which 

apparatus and methods according to the present invention may be embodied. 
25 FIG. 4 is a schematic diagram of a ceil identification apparatus according to an 

embodiment of the present invention. 

FIG. 5 is a flowchart illustration of exemplary operations for determining 
synchronization signal timing and for identifying an associated cell according to an 
aspect of the present invention. 
30 FIG. 6 is a schematic diagram of a cell identification apparatus according to 

another embodiment of the present invention. 

FIG. 7 is a flowchart illustration of exemplary operation for determining 
synchronization signal timing and for identifying an associated cell according to 
another aspect of the present invention. 

- 10- 
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FIG. 8 is a flowchart illustration of exemplary operations for identifying 
candidate cells upon awakening from a sleep mode according to yet another aspect of 
the present invention. 

5 Detailed Description of Embodiments 

The present invention now will be described more fiilly hereinafter with 
reference to the accompanying drawings, in which embodiments of the invention are 
shown. This invention may, however, be embodied in many different forms and 
should not be construed as limited to the embodiments set forth herein; rather, these- 

1 0 embodiments are provided so that this disclosure will be thorough and complete, and 
will fully convey the scope of the invention to those skilled in the art. Like numbers 
refer to like elements throughout. 

The present application describes methods and apparatus for determining 
timing of a synchronization signal, such as the synchronization signals transmitted in 

1 5 forward chaimels of a WCDMA system or in the pilot channel of an IS95-channel, as 
well as methods and apparatus for identifying cells based on the determined timing. 
As used herein, a "cell" refers to a mobility management entity defined in a cellular 
system with which terminals communicate. Cells may include cells served by 
respective single base stations having omnidirectional coverage, "sector cells" served 

20 by base stations having sectorized antenna arrays, and various other coverage 
configurations. 

Tne terms "candidate cell," "candidate set" and the like are also used herein. 
Those skilled in the art will appreciate that, although in contexts such as ISt95 the., 
terms "candidate cells" may be limited to cells which a terminal identifies as 

25 candidates for handoff, no such limitation is implied or to be inferred herein. As used 
herein, "candidate" generally refers to cells having synchronization signals associated 
therewith which have been identified, and may thus be used in the interference 
cancellation techniques described herein. 

FIG. 3 illustrates a wireless terminal 300 in which apparatus and methods 

30 according to the present invention may be embodied. The terminal 300 includes an 
antenna 310 for receiving radio frequency (RF) signals. The terminal 300 provides a 
user interface including a display 320 for displaying information such as dialed 
numbers, short messages, directory listings and the like, and a keypad 330 for entering 
dialed numbers and accepting other user inputs for controlling the terminal 300. The 

- 11 - 
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user interface also includes a speaker 340 for producing audio signals and a 
microphone 350 for receiving voice information from a user. The terminal 300 also 
includes a controller 360 that controls and/or monitors the display 320, the keypad 
330, the speaker 340, the microphone 350 and a radio transceiver 370 tied to the 
5 antenna 310. The controller 360 may include, for example, a microprocessor, 

microcontroller or other data processing device that is operative to load and execute 
computer instructions for performing the timing determination, cell search and other 
functions described herein. 

FIG. 4 illustrates an exemplary cell-identification apparatus 400 that may be 

10 implemented, for example, using the controller 360 and transceiver 370 of FIG. 3. A 
signal received, for example, at the antenna 310 of FIG. 4 and processed to a 
baseband received signal by the transceiver 370 of FIG. 4, is correlated with a 
common synchronization code, e.g., the code used for the primary or first 
synchronization code (PSC or FSC) used in a WCDMA system, in a correlator 405, 

1 5 producing a synchronization detection signal. The correlator 405 may comprise, for 
example, a sliding correlator or other conventionally known correlator. 

A component corresponding to a correlation of an estimate of a received, 
known synchronization signal is then subtracted from the synchronization detection 
signal produced by the correlator 405, and fed into an accumulator 410. The 

20 subtracted component may be generated by correlating the common synchronization 
code with an estimated received known synchronization signal generated by a 
received synchronization signal estimator 430 in a second correlator 435. The 
received known synchronization signal estimator 430 and the correlator 435 
preferably produce a correlation that approximates the result of correlating a known 

25 synchronization signal produced by a previously identified cell as received at the 
terminal with the common synchronization code. For example, the estimate of the 
known signal may be constructed using a channel estimate 402 for a channel over 
which the known synchronization sequence is communicated. It will be appreciated 
that knowledge of characteristics of a known synchronization signal other than a 

30 channel estimate may be used as well, such as knowledge of signal strength, path loss, 
and coding applied to the known synchronization signal. 

Those skilled in the art will appreciate that the component subtracted from the 
synchronization detection signal produced by the correlator 405 may be generated in 
other ways than shown in FIG. 4. For example, the functions of the received known 
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synchronization signal estimator 435 and the correlator 435 may be combined. 
Computations, e.g., search code autocorrelations, used to produce the subtracted 
component may be precomputed and stored in the terminal. 

The accumulated correlation produced by the accumulator 410 is then supplied 
5 to a timing detector 415, for example, a peak detector that identifies peaks in the 
accumulated correlation that may correspond to slot boundaries near which the 
common synchronization code is transmitted. Candidate slot boundaries thus 
identified may then be input to a second synchronization sequence code detector 420 
that, for example, correlates the received signal with the set of secondary 

10 synchronization codes (SSCs) or "group codes" and detects the SSC having the 

highest correlation with the received signal. The detected SSC may then be used by a 
scrambling sequence detector 425 to identify a cell-specific scrambling sequence or 
"long code" in the set of scrambling codes associated with the detected SSC, thus 
identifying the cell associated with the synchronization signal. Estimates of received 

1 5 synchronization signals associated with the cells thus identified can then be generated, 
correlated with the common synchronization sequence and subtracted from 
correlations of a received signal to further refine timing determination and cell 
identification. 

FIGS. 5, 7 and 8 are flowchart illustrations illustrating exemplary operations 
20 for determining timing of synchronization signal and for identifying a cell associated 
with the synchronization signal. It will be understood that blocks of the flowchart 
illustrations, and combinations of blocks in the flowchart illustrations, can be 
implemented by computer program instructions which may be loaded onto a computer 
or other programmable data processing apparatus, such as the controller 360 of the 
25 terminal 300 of FIG. 3, to produce a machine such that the instructions which execute 
on the computer or other programmable data processing apparatus create means for 
implementing the functions specified in the flowchart block or blocks. The computer 
program instructions may also be loaded onto a computer or other programmable data 
processing apparatus to cause a series of operational steps to be performed on the 
30 computer or other programmable apparatus to produce a computer implemented 
process such that the instructions which execute on the computer or other 
programmable apparatus provide steps for implementing the functions specified in the 
flowchart block or blocks. 
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Accordingly, blocks of the flowchart illustrations of FIGS. 5, 7 and 8 support 
combinations of means for performing the specified functions and combinations of 
steps for performing the specified functions. It will also be understood that each 
block of the flowchart illustrations of FIGS. 5, 7 and 8, and combinations of blocks 
5 therein, can be implemented by special purpose hardware-based computer systems 
which perform the specified fimctions or steps, or combinations of special purpose 
hardware and computer instructions. 

Referring to FIG. 5, exemplary operations for determining timing of a 
synchronization signal and identifying a cell associated with the synchronization 
1 0 sequence include correlating a received signal with a common synchronization code 
(Block 505). A correlation of an estimated known synchronization signal with the 
common synchronization code is also generated (Block 510). The correlation of the 
estimated known synchronization signal is then canceled from the correlation of the 
received signal to generate an interference-canceled correlation of the received signal 
1 5 with the common synchronization code (Block 515). The interference-canceled 

correlation is then accumulated over a time interval (Block 520), and slot boundaries 
for a synchronization signal are determined from the accumulated interference- 
canceled correlation, e.g., by peak detection (Block 525). Continuing with cell 
search, the received signal is then correlated with the set of SSCs or scrambling group 
20 code to identify the SSC used to transmit a synchronization signal and to identify 

frame boundaries, based on the detected slot boundaries (Block 530). The identified 
SSC is then used to guide scrambling code detection (Block 535). 

It will be appreciated that the apparatus 400 of FIG. 4 and the operations 500 
of FIG. 5 may be particularly advantageous for canceling interference associated with 
25 synchronization signals transmitted by base stations serving cells with which the 

terminal is currently communicating, sometimes referred to as the terminal's "active 
set." For such cells, the terminal typically will have more detailed knowledge of 
channel characteristics, the cell-specific scrambling sequence used, and the like. This 
information may be advantageously used, for example, in constmcting the estimated 
30 received synchronization signal produced by the estimator 430 of FIG. 4. 

FIG.' 6 illustrates an exemplary cell-identification apparams 600 according to 
another embodiment of the present invention. As with the apparatus 400 of FIG. 4, 
the apparatus 600 of FIG. 6 may also be implemented using the controller 360 and 
transceiver 370 of FIG. 3. A received signal is correlated with a common 
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synchronization code, e.g., the code used for the primary or first synchronization code 
(PSC or FSC) used in a WCDMA system, in a correlator 605. The correlation thus 
produced is accumulated in an accumulator 610. A peak detector 615 detects peaks in 
the accumulated correlation that are not associated with a known synchronization 
5 signal, i.e., a synchronization signal transmitted for a previously identified cell. 

A nimiber of different techniques may be employed in the peak detector 615 to 
determine whether a peak in the accumulated correlation is associated with a known 
synchronization signal. For example, in a first pass, candidate slot boundaries may be 
identified for peaks in the accumulated correlation that meet a predetermined 

10 criterion. Cell identification (e.g., SSC detection followed by scrambling code 

detection) may then be performed for each identified peak to identify candidate cells. 
The peak locations associated with the candidate cells may then be used in the peak 
detector 615 to identify peaks that are not associated with the candidate cells, as peaks 
arising from unknown synchronization signals generally will not coincide with the 

1 5 peak locations associated with the candidate cells. As peaks associated with the 
candidate cells may change slowly over successive correlations accumulated by the 
accumulator 610, the terminal may need to only intermittently verify the continued 
presence of the known synchronization signals associated with these peak locations to 
update the peak locations. For multiple candidate cells and corresponding peak 

20 locations, the update procedure may be streamlined by intermittently verifying a 

selected subset of the peak locations using a full-blown ceil identification procedure. 

Still referring to FIG. 6, the peaks associated with an unknown 
synchronization signal may be input to a timing detector 620, e.g., a slot boimdary 
detector that produces candidate slot boundaries. The candidate slot boundaries are 

25 used by a secondary synchronization code detector 625 that, for example, correlates 
the received signal with the set of secondary synchronization codes (SSCs) or "group 
codes" and detects the SSC having the highest correlation with the received signal. 
The detected SSC may then be used by a scrambling code detector 630 to identify a 
scrambling code (long code) in the set of scrambling codes associated with the 

30 detected SSC. The cells thus identified can then be used to guide the interference 
canceling peak selection process performed by the peak detector 615. 

FIG. 7 illustrates exemplary operations 700 for determining timing of a 
synchronization signal and identifying a cell associated therewith according to another 
aspect of the present invention. A received signal is correlated with a common 
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synchronization code (Block 705). The correlation is accumulated over a time 
interval (Block 710), a peak that is not associated with a known synchronization 
signal is detected (Block 715), and a slot boundary is determined from the detected 
peak (Block 720). The determined slot boundary is then used to guide correlation 
5 with the set of secondary synchronization codes to identify a scrambling code group 
and to determined frame boundaries (Block 725). The identified code group and 
frame boundaries are then used in correlating the received signal with a select number 
of scrambling codes to thereby identify a cell associated with the detected 
synchronization signal (Block 730). 

10 Those skilled in the art will appreciate that the identification techniques 

illustrated in FIGS. 6 and 7 may be particularly advantageous in canceling 
interference associated with synchronization signals for which a terminal has limited 
knowledge. For example, the apparams 600 and operations 700 may be 
advantageously used for canceling interference from synchronization signals 

15 transmitted by base stations serving cells with which the terminal is not currently 
communicating, and thus has limited information. The cancellation techniques 
illustrated in FIGS. 6 and 7 may also be combined with the techniques illustrated in 
FIGS. 4 and 5. For example, the cancellation techniques of FIGS. 4 and 5 may be 
used for cancellation of components of the correlation of the received signal that are 

20 associated with synchronization signals for which the terminals has detailed 

knowledge of channel conditions, scrambling code and the like, while the simplified 
techniques of FIGS. 6 and 7 may be used to cancel components associated with 
signals for which the terminal has limited information. . . , . 

It will be understood that the methods and apparatus of the present invention 

25 are also applicable to synchronization signal timing determination and cell 

identification in environments other than the WCDMA-compliant environments 
described with reference to FIGS. 4-7. For example, the techniques of the present 
invention are applicable to determining timing of a pilot channel synchronization 
signal used in an IS-95 compliant wireless communications system. The present 

30 invention is also applicable for timing determination and cell search in newly 

proposed WCDMA systems in which the SSC is eliminated by employing a pattern of 
transmission of the PS C in a frame as a means for identifying code groups and frame 
boundaries. In such systems, for example, the interference cancellation techniques of 
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the present invention may be used to determine both the timing and position of the 
PSC in a synchronization frame. 

It will also be understood that the present invention is also applicable to 
systems which transmit synchronization signals that are encoded according to more 
5 than one common synchronization code. For example, a system may transmit a 

synchronization signal encoded with a primary synchronization code selected from a 
common set of primary synchronization codes. In such a case, for example, multiple 
parallel correlations and interference cancellations may be performed in place of the 
single correlations and cancellations illustrated in FIGS. 4 and 6, and interference 

10 cancellation performed on each of the parallel correlations. 

The synchronization and timing techniques described above may be used 
when a terminal is in an active mode, i.e., when the terminal is actively 
communicating with one or more base stations. However, a terminal in sleep mode 
may also need to engage in a cell search in order to update the list of cells with which 

1 5 it may communicate. It will be understood that a terminal in sleep mode may, for 
example, engage in one or both the of the cell search techniques described above in 
reference to FIGS. 4-7. 

Exemplary operations 800 for performing a simplified cell search upon 
awakening from sleep mode are illustrated in FIG. 8. After awakening from sleep 

20 mode (Block 805), the terminal receives a communications signal (Block 810). The 
terminal attempts to verify the quality of synchronization signals associated with cells 
in a list of candidate cells (Block 815). For example, a quality criterion based on the 
number of candidate cells and the signal quality of the synchronization signals 
associated therewith may be used, wherein greater signal is required as the number of 

25 candidate cells decreases and lesser signal quality is required as the number of 

candidate cells increases. It will be understood that other criteria may be used as well. 

If the signals associated with the candidate cells are acceptable, the terminal 
returns to sleep mode (Block 840). If not, however, the received signal is correlated 
with a common synchronization sequence (Block 820), the correlation accumulated 

30 (Block 825), and peaks detected in the accumulated correlation (Block 830). If all of 
identified peaks are associated with previously identified candidate cells, the terminal 
returns to sleep mode (Block 840). If a peak is not associated with a known 
candidate, however, a cell search is performed based on the identified peak, and the 
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cells thus identified added to the candidate hst (Block 835) before the terminal returns 
to sleep mode (Block 840). 

In the drawings and specification, there have been disclosed typical preferred 
embodiments of the invention and, although specific terms are employed, they are 
5 used in a generic and descriptive sense only and not for purposes of limitation, the 
scope of the invention being set forth in the following claims. 
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THAT WHICH IS CLAIMED IS: 

1 . In a wireless cominiinications system including a plurality of cells in 
which synchronization signals encoded according to a conunon synchronization code 
are transmitted, a method of processing a received communications signal 
representing a combination of synchronization signals comprising the steps of: 

5 correlating the received communications signal with the common 

synchronization code to produce a synchronization detection signal; 

canceling a component of the synchronization detection signal associated with 
a known synchronization signal from the syncivronization detection signal to produce 
an interference-canceled synchronization detection signal; and 
1 0 determining timing of a synchronization signal from the interference-canceled 

synchronization detection signal. 

2. A method according to Claim 1 : 
wherein said step of canceling comprises the steps of: 

generating a correlation of an estimated received known 
synchronization signal with the common synchronization code; and 

canceling the correlation of the estimated received known 
synchronization signal with the common synchronization code from the 
synchronization detection signal to produce the interference-canceled 
synchronization detection signal; and 

wherein said step of determining timing comprises the steps of: 

accumulating the interference-canceled synchronization detection 
signal over a time interval; 

detecting a peak in the accumulated interference-canceled 
synchronization detection signal; and 

determining timing of a synchronization signal from the detected peak. 

3. A method according to Claim 2, wherein said step of generating a 
correlation of an estimated received known synchronization signal with the common 
synchronization code comprises the steps of: 

filtering a representation of the known synchronization signal wdth an estimate 
5 of a channel over which the known synchronization signal is transmitted to produce 
an estimated received known synchronization signal; and 
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correlating the estimated received known synchronization signal with the 
synchronization code. 

4. A method according to Claim 1 : 

wherein said step of canceling comprises the steps of: 

accumulating the synchronization detection signal over a time interval; 
identifying a peak in the accumulated synchronization detection signal 
5 not associated with a known synchronization signal; and 

wherein said step of determining timing comprises the step of determining 
timing of a synchronization signal from the identified peak. 

5. A method according to Claim 4, wherein said step of identifying a 
peak comprises the step of identifying a peak in the accumulated synchronization 
detection signal not associated with a known synchronization signal and meeting a 
predetermined criterion. 

6. A method according to Claim 4: 

wherein said step of identifying a peak comprises the steps of: 

identifying a plurality of peaks in the accumulated synchronization 
detection signal not associated with a knovm synchronization signal; and 
5 selecting a peak of the plurality of peaks according to a selection 

criterion; and 

wherein said step of determining timing comprises the step of determining 
timing of a synchronization signal from the selected peak. 

7. A method according to Claim 1 , wherein the known synchronization 
signal comprises a synchronization signal associated with a previously identified cell. 

8. A method according to Claim 7, wherein the known synchronization 
signal comprises a synchronization signal associated with a cell with which the 
terminal is currently communicating over a traffic channel. 
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9. A method according to Claim 7: 

wherein said step of canceling is preceded by the step of identifying a set of 
synchronization signals associated with a set of candidate cells; and 

wherein said step of canceling comprises the step of canceling a component of 
the synchronization detection signal corresponding to a synchronization signal 
associated with a cell of the set of candidate cells from the synchronization detection 
signal to produce an interference-canceled synchronization detection signal. 

1 0. A method according to Claim 9, wherein said step of identifying a set 
of known synchronization signals comprises the steps of: 

receiving a communications signal from the commimications medium; 
identifying a synchronization signal in the received communications signal; 
identifying a cell wich which the identified synchronization signal is 
associated; and 

adding the identified cell to the set of candidate cells if the identified 
synchronization signal associated with the identified cell meets a predetermined 
criterion. 

11. A method according to Claim 1 , wherein a respective synchronization 
signal includes a portion encoded according to the common synchronization code. 

12. A method according to Claim 1, wherein a common synchronization 
signal is transmitted in each of the cells over a pilot channel. 

13. A method according to Claim 1 , wherein said steps of correlating, 
canceling and determining are performed in response to the terminal awakening from 
a sleep mode. 

14. A method according to Claim 1 3 : 

wherein said step of correlating is preceded by the steps of: 
awakening from a sleep mode; 

receiving a communications signal from the communications medium; 

and 
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evaluating a set of candidate cells based on the received 
communications signal; 

wherein said step of correlating comprises the step of correlating the received 
communications signal to produce a synchronization detection signal if the evaluated 
1 0 candidate cells fail to meet a predetermined criterion; 

wherein said step of canceling comprises the steps of: 

accumulating the synchronization detection signal over a time interval; 

and 

identifying a peak in the accumulated synchronization detection signal 
1 5 not associated with a known synchronization signal associated with one of the 

candidate cells; and 

wherein said step of determining timing comprises the step of.determining 
timing of a synchronization signal from the identified peak; and 

wherein the method further comprises the step of identifying a new candidate 
20 cell associated with the identified peak from the determined timing of the 
synchronization signal associated with the identified peak. 

15. A method according to Claim 1 , wherein said steps of correlating, 
canceling and determining are performed while the terminal is in an active mode. 

16. A method according to Claim 1 , wherein said step of canceling is 
preceded by the step of determining the component associated with the known 
synchronization signal based on knowledge of at least one of: 

a timing of the known synchronization signal; 
5 a channel characteristic of a chaimel over which the known synchronization 

signal is received at the terminal; 

a pulse shape associated with the known synchronization signal as received at 
the terminal; 

a path loss associated with the known synchronization signal as received at the 
10 terminal; and 

a code associated with the known synchronization signal. 

17. A method according to Claim 1 : 

wherein said step of canceling comprises the steps of: 
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generating a correlation of an estimated received first known 
synchronization signal with the common synchronization code; 
5 canceling the correlation of the estimated received first known 

synchronization signal with the common synchronization code from the , 
synchronization detection signal to produce an interference-canceled . 
synchronization detection signal; and: 

accumulating the interference-canceled synchronization detection 
1 0 signal over a time interval; and 

identifying a peak in the interference-canceled synchronization 
detection signal not associated with a second knowm synchronization signal; 
and 

wherein said step of determining timing comprises the step of. determining 
1 5 timing of a synchronization signal firom the identitled peak. 

1 8. A method according to Claim 1 , wherein a respective one of the 
synchronization signals is further encoded according to a cell-specific synchronization 
code, and wherein said step of determining timing is followed by the steps of 
determining a cell-specific synchronization code based on the determined timing of 

5 the synchronization signal to thereby identify a cell associated with the cell-specific 
synchronization code. 

1 9. A terminal for use with a wireless communications system including a 
plurality of cells for which synchronization signals encoded according to a common 
synchronization code are transmitted, the terminal comprising: 

means for receiving a communications signal representing a combination of 
5 synchronization signals; 

means, responsive to said means for receiving, for correlating the received 
communications signal with the common synchronization code to produce a 
synchronization detection signal; 

means, responsive to said means for correlating, for canceling a component of 
10 the synchronization detection signal associated with a known synchronization signal 
from the synchronization detection signal to produce an interference-canceled 
synchronization detection signal; and 
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means, responsive to said means for canceling, for determining timing of a 
synchronization signal from the interference-canceled synchronization detection 
signal. 

20. A terminal according to Claim 1 9: 
wherein said step means for canceling comprises: 

means for generating a correlation of an estimated received known 
synchronization signal with the common synchronization code; and 

means, responsive to said meani for generating, for canceling the 
correlation of the estimated received known synchronization signal with the 
common synchronization code from the synchronization detection signal to 
produce the interference-canceled synchronization detection signal; and 
wherein said means for determining timing comprises: 

means for accumulating the interference-canceled synchronization 
detection signal over a time interval; 

means, responsive to said means for accumulating, for detecting a peak in the 
accumulated interference-canceled synchronization detection signal; and 

means, responsive to said means for detecting, for determining timing 
of a synchronization signal from the detected peak. 

21 . A terminal according to Claim 20, wherein said means for generating a 
correlation of an estimated received known synchronization signal with the common 
synchronization code comprises: - - 

means for filtering a representation of the knovra synchronization signal with 
an estimate of a channel over which the known synchronization signal is transmitted 
to produce an estimated received known synchronization signal; and 

means, responsive to said means for filtering, for correlating the estimated 
received known synchronization signal with the synchronization code. 

22. A terminal according to Claim 19: 
wherein said means for canceling comprises: 

means for accumulating the synchronization detection signal over a 
time interval; 
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5 means, responsive to said means for accumulating, for identifying a 

peak in the accumulated synchronization detection signal not associated with a 
known synchronization signal; and 

wherein means for determining timing comprises means for determining, 
timing of a synchronization signal from the identified peak. 

23. A terminal according to Claim 22, wherein said means for identifying a 
peak comprises means for identifying a peak in the accumulated synchronization 
detection signal not associated with a known synchronization signal and meeting a 
predetermined criterion. 

24. A terminal according to Claim 22: 
wherein said means for identifying a peak comprises: 

means for identifying a plurality of peaks in the accumulated 
synchronization detection signal not associated with a known synchronization 
5 signal; and 

means, responsive to said means for identifying a plurality of peaks, 
for selecting a peak of the plurality of peaks according to a selection criterion; 
and 

wherein said means for determining timing comprises means for determining 
1 0 timing of a synchronization signal from the selected peak. 

25. A terminal according to Claim 1 9, further comprising means for 
storing an identification of a cell, and wherein the known synchronization signal 
comprises a synchronization signal associated with a stored cell identification. 



26. A terminal according to Claim 25, further comprising means for 
identifying a set of synchronization signals transmitted for a set of candidate cells, and 
wherein means for canceling comprises means for canceling a component of the 
synchronization detection signal corresponding to a synchronization signal associated 
5 with a cell of the set of candidate cells from the synchronization, detection signal to 
produce an interference-canceled synchronization detection signal. 
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27. A terminal according to Claim 26, wherein said means for identifying a 
set of known synchronization signals comprises: 

means for receiving a comniimications signal from the communications 
medium; 

5 means, responsive to said means for receiving, for identifying a 

synchronization signal in the received communications signal; 

means, responsive to said means for identifying a synchronization signal, for 
identifying a cell with which the identified synchronization signal is associated; and 
means, responsive to said means for identifying a cell, for adding the 
10 identified cell to the set of candidate cells if the identified synchronization signal 
associated with the identified cell meets a predetermined criterion. 

28. A terminal according to Claim 19, wherein each synchronization signal 
includes a portion encoded according to the common synchronization code. 

29. A terminal according to Claim 19, wherein a common synchronization 
signal is transmitted over a pilot channel in each of the cells. 

30. A terminal according to Claim 1 9, further comprising means for 
transitioning the terminal between an active and a sleep mode, and wherein said 
means for receiving, said means for correlating, said means for canceling and said 
means for determining are responsive to said means for transitioning to receive a 

5 communications signal, to correlate the received communications signal with a 

common synchronization code, to produce an interference-canceled correlation and to 
determine timing of a synchronization sequence from the interference-canceled 
correlation in response to the terminal awakening from the sleep mode. 

31. A terminal according to Claim 19, further comprising means for 
determining the component associated with the known synchronization signal based 
on knowledge of at least one of: 

a tirriing of the known synchronization signal; 
5 a channel characteristic of a charmel over which the known synchronization 

signal is received at the terminal; 
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a pulse shape associated with the known synchronization signal as received at 
the terminal; 

a path loss associated with the known synchronization signal as received at the 
1 0 terminal; and 

a code associated with the known synchronization signal. 

32. A terminal according to Claim 19: 
wherein said means for canceling comprises: 

means for generating a correlation of an estimated received first known 
synchronization signal with the common synchronization code; 
5 means, responsive to said means for generating a correlation of an 

estimated received first known synchronization signal, for canceling the 
correlation of the estimated received first known synchronization signal with 
the common synchronization code from the synchronization detection signal 
to produce an interference-canceled synchronization detection signal; and: 
10 means, responsive to said means for canceling the correlation of the 

estimated received first known synchronization signal, for accumulating the 
interference-canceled synchronization detection signal over a time interval; 
and 

means, responsive to said means for accumulating, for identifying a 
15 peak in the interference-canceled synchronization detection signal not 

associated with a second known synchronization signal; and 
wherein said means for determining timing comprises means for determining 
timing of a synchronization signal from the identified peak. 

33 . A terminal according to Claim 1 9, wherein a respective one of the 
synchronization signals is fiirther encoded according to a cell-specific synchronization 
code, and further comprising means for determining a cell-specific synchronization 
code based on the determined timing of the synchronization signal to thereby identify 
5 a cell associated with the cell-specific synchronization code. 



34. An apparatus for processing a received communications signal in a 
terminal that is operative to commimicate with cells in a wireless communications 
system, the wireless communications system including a plurality of cells for which 
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synchronization signals encoded according to a common synchronization code are 
5 transmitted, the apparatus comprising: 

a first correlator operative to correlate the received communications signal 
with the common synchronization code to produce a synchronization detection signal; 

an interference canceler responsive to said first correlator and operative to 
cancel a component of the synchronization detection signal associated with . a known 
1 0 synchronization signal from the synchronization detection signal to produce an 
interference-canceled synchronization detection signal; and 

a timing determiner operative to determine timing of a synchronization signal 
from the interference-canceled synchronization detection signal. 



35. A terminal according to Claim 34: 
wherein said interference canceler comprises: 



a received known synchronization signal estimator operative to 
generate an estimated received known synchronization signal; 



10 



5 



a second correlator responsive to said received known synchronization 
signal estimator and operative to generate a correlation of an estimated 
received known synchronization signal with the common synchronization 
code; and 

a canceler responsive to said first correlator and to said second correlator and 
operative to cancel the correlation of the estimated received known 
synchronization signal with the common synchronization code from the 
synchronization detection signal to produce the interference-canceled 
synchronization detection signal; and 
wherein said timing determiner comprises: 



15 



an accumulator responsive to said canceler and operative to 
accumulate the interference-canceled synchronization detection signal over a 
time interval; 



20 



a peak detector responsive to said accumulator and operative to detect 
a peak in the accumulated interference-canceled synchronization detection 
signal; and 



a timing determiner responsive to said peak detector and operative to 
determine timing of a synchronization signal from the detected peak. 
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36. A terminal according to Claim 34: 
wherein said interference canceler comprises: 

an accumulator responsive to said first correlator and operative to 
accumulate the synchronization detection signal over a time interval; 
5 a peak detector responsive to said accumulator and operative to detect 

a peak in the accumulated synchronization detection signal not associated with 
a known synchronization signal; and 

wherein said timing determiner is responsive to said peak detector and 
operative to determine timing of a synchronization signal from the detected peak. 

37. A terminal according to Claim 34, wherein each synchronization signal 
includes a portion encoded according to the common synchronization code. 

38. A terminal according to Claim 34, wherein a common synchronization 
signal is transmitted over a pilot channel in each of the cells. 

39. A terminal according to Claim 34, wherein said interference canceler is 
operative to cancel a component associated with the known synchronization signal 
based on knowledge of at least one of: 

a timing of the known synchronization signal; 
5 a channel characteristic of a channel over which the known synchronization 

signal is received at the terminal; 

a pulse shape associated with the known synchronization signal as received at 
the terminal; 

a path loss associated with the known synchronization signal as received at the 
10 terminal; and 

a code associated with the known synchronization signal. 

40. A terminal according to Claim 34: 
wherein said interference canceler comprises: 

a received known synchronization signal estimator operative to 
generate an estimated received first knovm synchronization signal; 
5 a second correlator responsive to said received known synchronization 

signal estimator and operative to generate a correlation of an estimated 
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received first known synchronization signal with the common synchronization 
code; 

a canceler, responsive to said first correlator and to said second 
10 correlator and operative to cancel the correlation of the estimated received first 

known synchronization signal with the common synchronization code from 
the synchronization detection signal to produce an interference-canceled 
synchronization detection signal; 

an accumulator responsive to said canceler and operative to 
1 5 accumulate the interference-canceled synchronization detection signal over a 

time interval; and 

a peak detector responsive to said accumulator and operative to detect 
a peak in the interference-canceled synchronization detection signal not 
associated with a second known synchronization signal; and 
20 wherein said timing determiner is operative to determine timing of a 

synchronization signal from the identified peak. 
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